This paper proposes the behavior of the hybrid renewable energy system, HRES, without and with pitch angle control during the variation in frequency. The HRES is a wind/PV one. The WG is based on a double fed induction generator (DFIG) when the rotor side converter (RSC) is used to connect the DFIG to DC bus voltage, put with a PV generator. The integration of the HRES in the grid introduces some problems such as the stability of the system and the quality of the injected power. This paper aims is to evaluate the ability of the HRES to remain connected to the grid following some disturbance, such as frequency variations. That is why the HRES will have to participate in primary frequency control. The only method of involving the HRES in the primary frequency control is to reduce the wind power captured by the wind turbine in order to increase the power in the event of a frequency drop.
I. INTRODUCTION
During the last decades, many large HRES have already been installed and have also been integrated in power grids. With the ever-increasing development of wind power, the impacts on the grid become more significant. The effect of wind generation on the system frequency regulation is one of the most problems.
An innovative way for an HRES to participate in some approaches to frequency control using kinetic energy stored in the rotor for a fast power reserve that can be delivered in a short period is presented. This fast kinetic-energy-based reserve is ensured despite wind speed variations. A disoptimization of the power coefficient can modifies the rotor speed set point or the pitch control. In case of a frequency drop, the power coefficient can then be increased to produce more energy. This approach can help to reduce the dynamics and depth of the frequency drops and therefore allow the HRES to participate in frequency control.
As the mechanical time constant of the DFIG is very higher versus the electrical one the stored kinetic energy of the entire rotor is high and can be used to support the power system [1] .
On the other hand, the WG must participate for a long term to ensure primary frequency regulation. This is possible with the addition of a frequency drop in the pitch angle controller and in the electrical active power control loop [2, 3, 4] .
The introduction of a frequency drop controller in the active power control loop returns to run the HRES with a variable loading extracted power [5] , hence is increasing the rotational speed. Consequently, the kinetic energy stored in the rotational mass of the WG rises, allowing also a better inertia response capability.
This study focuses on the participation of the HRES in short-term frequency regulation. This paper is organized as follows: In the second section, the model of the hybrid wind/PV system components is provided. We present in the first and second steps, respectively, the model of the wind turbine and the DFIG. The third one deals with the PV system. The third section presents the wind turbine control for participation frequency regulation. The forth section studies pitch angle control. In the last section, the behavior of the HRES during frequency variations is given and some simulation results are shown. Finally, we finish by some remarks and a conclusion.
II. MODELING OF WIND GENERATION SYSTEM
The basic configuration of the whole system is presented in figure 1. The studied system is composed of three bladed rotors with a corresponding mechanical gearbox, a DFIG, two power converters (RSC and GSC), DC-bus voltage, a PV generator, a DC-DC boost converter and a grid filter. The coupling of the two subsystems, wind and PV, is made via a DC bus. When the machine is driven above synchronous speed, power is recovered from the rotor, with RSC working as a rectifier and GSC as an inverter.
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A. Modeling of Wind Turbine
The wind energy is transformed into mechanical energy by a wind turbine. We must include a gearbox that matches the turbine's low speed to the higher speed of the generator. The aerodynamic power, which is converted by a wind turbine, Pt, depends on the power coefficient Cp which is given by [6] : (1) The relation between the wind speed and the aerodynamic torque can be described by the following equation [7] : (2) Numerical approximations are developed to calculate Cp for given values of and . Here, the following approximation is used [8] :
(
Where:
and is given in the Appendix.
The pitch angle, , must be controlled to maintain constant electric power. The regulation scheme of the pitch angle is illustrated by figure 2. 
Where and are respectively the stator and rotor phase resistances, is the electrical speed, is the pair pole number, and , , and are respectively the direct and quadrature stator and rotor currents. The stator and rotor flux can be expressed as:
The stator and rotor active and reactive power is given respectively by equations (6) and (7):
The electromagnetic torque is expressed as:
C. Photovoltaic System Modeling
The solar cell is the basic unit of a photovoltaic module and it is the element in charge of transforming the sun rays or photons directly into electric power [10] . The solar cell used is the PN union, whose electrical characteristics differ very little from a diode, is represented by the equation of Shockley (9) . 
Being the net current of the cell, the difference of the photocurrent and the diode current is shown in equation (10):
Considering equations (9 and 10), the PV current is rewritten as follows [11] .
After neglecting and effects, the ideal model of PV cell is given by figure 3 . The participation of the wind turbines in the frequency regulation requires having a reserve of power. The easiest way for wind turbines to dispose of this reserve is to operate below the capabilities offered by wind speed. Because of the fatal nature and scarcity of this source of energy, there is a shortfall. After the presentation of technical connection conditions requesting to participate in the primary frequency regulation of wind farms, we will study the solution offered by the wind turbine technology considered to participate in this regulation.
The only way to involve the wind turbines in the frequency setting is to reduce the power captured by the turbine in order to increase the power in the event of a drop in frequency [12] .
Operating with the power reserve " " implies that the power extracted by turbine is lower than the available power in a normal operation, which is given by:
To create this reserve, we reduce the power extracted by the turbine by controlling the blade pitch angle. This most trivial solution is the most common and can be used throughout the wind turbine's operating area [13, 14] . The operation of a wind turbine with a power reserve is illustrated in figure 4. 
IV. PITCH ANGLE CONTROL
In a normal operation, the control of the angle pitch "β" makes it possible to limit the power captured by the turbine to its nominal value [15] . The increase in the pitch angle decreases the lift of the blade, which reduces the torque of the turbine, and so does the extracted power. This is what we see on characteristics Cp (λ, β): When β goes up, Cp goes down. Whatever the wind speed, it is therefore possible to act on the angle to raise or decline the power extracted by the turbine [16] . To achieve the management of the power injected into the grid of the DFIG for their participation in the frequency regulation, a droop is introduced in the power control of the wind turbine [17] . For the implementation of the frequency control are required the following conditions: 
Where C(s) is a power regulator, which is a proportional integral type. The analysis is carried out in a MATLAB/SIMULINK environment. Simulation results are made by using the real parameters of the HRES as follows:
• Wind turbine AE46 and DFIG rated at 660KW and 690V
• Photovoltaic power systems at 96KW and 690V
• Profile of considered frequency variations
The system of parameters is given in the Appendix. The profile of studied frequency variations depicted in figure 6. We are interested here in studying the behavior of the HRES during frequency variations. The objective is to evaluate its ability to stay connected to the grid following such variations. Figure 7 shows the participation of the HRES in the primary frequency regulation by the pitch angle control. We note that the mechanical speed of the DFIG is controlled via the rotor side converter. In a normal operation, this speed is adapted according to the wind speed in order to optimize the energy conversion. A variation in frequency will therefore have little influence on this structure since the speed variation in the stator rotating field will be compensated by that of the rotating rotor field in order to maintain the angular velocity at its reference value. Photovoltaic power is less sensitive to frequency variations. However, the stator and grid power is more affected by the frequency variation.
We conclude that the stator and grid power is not restored at t = 2.5s when returning the frequency to its nominal value. Pitch angle control proves good control of the active power.
The HRES responds correctly to the primary frequency setting by rapidly increasing its power according to the frequency variation thanks to the implementation of the droop.
The HRES responds very quickly to the set point variation. The power reserve is restored with the return of the frequency to its nominal value at t = 2.5s by the action of the primary regulation by controlling the pitch angle. The RSC automatically adjusts the operating point of the machine to the supply conditions.
VI. CONCLUSION
In this paper, an interconnected grid hybrid renewable energy system, HRES, has been described and modeled. The first subsystem consists of a wind energy conversion system, WCES, based on the DFIG, and the second consists PV generator operate in the MPPT area.
The study of the frequency variation has shown that the stator-active power and the grid power are affected by this variation. In this context, the HRES must participate in the primary frequency regulation. The principle of this regulation is to reduce the power captured by the wind turbine in order to increase the power in the event of a drop in frequency. This is called "operation with power reserve". To create this reserve, the power extracted by the turbine has been reduced by controlling the pitch angle of the blades by introducing a droop into the control of the power extraction. Pitch angle control prove good control of active power. The HRES responds very quickly to the set point variation, and the power reserve is reconstituted with the return of the frequency to its nominal value. 
